The Green function of a Dirac particle in interaction with a non-Abelian SU(N) gauge field exactly and analytically determined via the path integral formalism by using the approach so-called "global projection. " The essential steps in the calculation are the choice of a convenient gauge (Lorentz gauge) and the introduction of two constraints, = (related to space) and Grassmannian = (related to Dirac matrices). Furthermore, it is shown that certain selected equations obtained during the integrations can also be classically derived.
Introduction
At present the path integral has become indispensable, if we want to describe and to explain simply, some physical phenomena. The use of this tool is generalized to all domains of physics and this success is mainly due to the introduction of transformations which has allowed to solve the basic problems of the usual quantum mechanics, among others, the atom H.
In nonrelativistic mechanics, we know that the form of the propagator is a sum over all possible paths, where at each path is assigned a weight which depends on the action of classical mechanics. With this standard form, the propagator has thus been determined for all soluble cases.
In the relativistic case, the insertion of spin (represented by matrices) and the limitation of the relativistic velocity are the difficulties encountered in the path integral formulation and a similar standard Feynman form is in principle, no longer valid.
However, from the viewpoint of calculation, the standard form seems more appropriate especially when it is question to determine the energies and wave functions for a system.
Thus, in the formulation path integral of Fradkin and Gitman [1] where the propagator has a similar expression to that standard of Feynman seems presently enough handy and easier to us when dealing to perform calculations. In this formulation, the motion is governed by a supersymmetric action and the parameterization used for the description two type of variables:
(i) bosonic (commuting) for the external movement;
(ii) fermionic (anticommuting or Grassmannian) for the internal movement.
This formalism has been tested on relativistic particles of spin 1/2 and described by the Dirac equation moving under the action of fields having simple configurations such as the plane wave Volkov with or without the presence of an anomaly [2, 3] , the wave which is nonclassical but quantified [4, 5] , and other configurations [6] . Indirectly, the Dirac equation is solved via the determination of propagator by using the path integral approach in order to extract energies and wave functions of the Dirac particles.
Another configuration which has its importance in QCD and also in different domains of physics seemed useful to us in this paper to consider it in the path integral formalism. This configuration is that of a gauge field of type non-Abelian, which has not been considered anywhere in the literature, except the path integral formulation which can only be found in the book [7] . It is obvious that additional difficulties related to the non-Abelian group generators are introduced in the path integral formalism, in addition to that relating to spin of the particle. The control of this difficulty and their insertion in 2 ISRN High Energy Physics the formalism can be useful when the most complex problems in field theories are considered.
In this paper, we propose an alternative solution for a Dirac particle in which the gauge field is of type non-Abelian SU(N) and where the configuration is chosen the same as that used in [8] , which allowed us to obtain analytically the solution of the Dirac equation. With this choice, it is shown that the propagator can also be analytically obtained by using simple changes.
The field in question has a particular configuration
where are partial components and , the generators of ( ) group which satisfy the commutative and anticommutative relations and normalization condition:
where and are the constants of the group ( ) (anti-symmetric and symmetrical, respectively, in all permutation of index).
In addition, the field is also chosen of type Volkov type; that is, it obeys the following properties:
(i) it is only a function product of , where is the 4vector wave such as
(ii) and it satisfies the condition of gauge of Lorentz = 0,̇= 0, or = 0,
wherė= ( )/ ( ) denotes the derivative with respect to .
In this paper, we use the so-called "global projection" of Alexandrou et al. [9] , first by determining (where there are superfluous states) and then by projection, or thanks to the relationship between the two Green functions and , we deduce (in order to obtain the physical states).
Formulation of the Problem
The Green function in question is solution of the following equation:
where ( = 0, 1, 2, 3) are the usual matrices satisfying ] + ] = 2 ] and ] = (+, −, −, −) is the metric tensor. In the present paper, it is suggested to show, after simple changes, that the classical equations play an important role in the calculation of the propagator ( , ) for the particular form of field in question.
In configuration space, formally ( , ) is an element of matrix of the operator , solution of
and the operator is equal to
where ± = ( P ± ) ,
Knowing that and are connected by the following equation:
the Alexandrou et al. [9] approach is used to calculate (without the matrix 5 of the path integral formulation of Fradkin and Gitman). It is easy to notice that
(10) the term ( ) 2 is equal to (see [8] )
after a calculation on the light cone. Green's function to be determined is
where
ISRN High Energy Physics 3 is the Hamiltonian which governs the movement of the particle. To construct the path integral form of , the usual procedure is used: the interval [ , ] is subdivided into equal intervals of length Δ = / , and then the closure relations are inserted
with the scalar product for the change of base | ⟩ → | ⟩
The continuous form of is
where T-product is introduced due to the problem of order of the generators (operators) and matrices do not commute. At this level, in order to eliminate the operators which are the generators , the following procedure [7] is used:
(i) the generators are expressed by a bilinear relationship operators Γ
(ii) and the Γ a relation of anticommutation is imposed
So that Γ becomes fermionic and is equal to
The elimination of operators is as follows: first anticommuting (Grassmann) variables are introduced using the following identity [1] :
(i) then the T-product is removed by means of the following formula:
These two formulae are also applicable for the : it suffices to make the following replacement (Γ , , ) → ( , , Ψ ).
Thus, Green's function takes the following form:
Let us make the change ( , Ψ) → ( , ) defined by 2 ( ) = 2 ( ) + , 2 ( ) = 2Ψ ( ) + ;
Green's function, to calculate in the global case, takes the following form: 
Let us proceed to practical calculation of .
Determination of Green Function
As the four-potential depends only on , we put = and then the variable is rendered independent of by introducing the following identities:
Then, by making the shift → + , it becomes possible to integrate over and , the integrations over can be easily performed and give (), and the delta Dirac function expresses that the momentum is constant during the motion
Thus, is reduced to
where M( ) is given by
The integrations on the can be then performed
and this show the solution path oḟ
which is a line
contributing mainly to the calculation of . It is useful to note that is now function of the variable .
Similarly, by posing = , the variables and become independent. By introducing the following identity:
where and are fermionic variables, expression of becomes
Now we replace the integration over by one over odd velocities
such that there are no restrictions on and the boundary conditions for are satisfied. It appears thus to be a quadratic form of ( ), and with the following change:
the Green function takes the following form:
where the function is replaced by the exponential form
Then, it is possible to perform the integration over the . Again, it is appears that Dirac function
that is, the path of equatioṅ = 0 ⇐⇒ = = (40) contributes mainly to the determination of . After rearrangement, the following standard form is obtained for the integral over velocities
As the result of the integration is
and thanks to properties of the Volkov field, it is easy to show that
and that the integrations on is simply
that is, thus fixing = = ( /2) . Now, Green's function has the following form:
There are still integrations to be performed on variables related to generators of the group ( ).
Using the change → defined by
then becomes
and let us return to two identities (21) and (20).
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After having eliminated the variables, the relationship between and Γ can be reintroduced and Green's function takes the following form:
where the T-product is omitted, since there is no order problem.
In order to reintroduce the : the calculation of derivations is facilitated by using the following identity:
Then, after derivation, Green's function becomes
where the two functions have been removed. Using the integral representation
and by changing
we obtain
So, Green's function relative to our problem is after derivation as follows:
It can be noted that this expression is not symmetrical, and therefore it is not possible at this level to extract wave functions. To render symmetric, let us use the following relation:̂̂+̂̂=
wherê= .
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After some manipulations, becomes
that is, is totally symmetric. Finally, a simple integration over 0 leads to the following form:
where the wave functions (normalized) describing the motion of Dirac particle in interaction with external non-Abelian SU(N) gauge field are
with
the projectors on positive and negative states energy and , the elements of the line + and the column (respectively) such as
or also
Finally, the wave function can be written in the form given in [8] Ψ + , , ( )
Conclusion
In the present work, by using the formalism of Alexandrou et al., we have determined the wave function for a Dirac particle moving under the action of a field non-Abelian. Thanks to the introduction of two constraints, = (related to space) and Grassmannian = (related to Dirac matrices), it is appeared Dirac functions; that is, the paths having simple equations are selected and it is these paths which have contributed to the determination of the propagator. From the obtained analytical expression of the propagator, the wave functions extracted are found to be the same as those obtained by direct resolution of the Dirac equation.
Finally it can be shown in appendix that the selected paths which have played an important role in the determination of propagator or Green function can be also obtained from the equations of classical mechanics. (A.10)
It can be noticed that = and that the shift → = + (1/2 ) (⋅) does not affect the calculation of .
